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INTRCG CTION

The purpose of this report is .o explasn the {inite .-

amoe

analysis performed on 30 in. 5ibble Chamber Coil.

ApuT

stress values at critical scctions of the coil are p.rosen

together with those requested by Mr. Craddock in his “ott

-

April 13, 1981

Pubble Chamber Coil is basically a circular rving haviag a

gular "ox cross-section. The objective of this fini:: el

analysi= 1is to determine "overall™ stress distribut’

thiree foad cases supplied by Fermilab., No attempt i

cotermise stross concentrations.  Gencral purnose £ 0o

i

sropram ANSYS is utilized to porform the anal sis.

hric description of the finite element model

cotl together with the analysis assumpti

irst part of this veport., Sccond pare

Cinition of the loads used in cach of the threc load

sidered and a summary of stresses at critical sectic. s,

of resusts and recommendations are presented in the wcact
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Quarter symmetry is assumed {or the deformed structurs undeor the
three load cases considered., Tonsequently, one-quarver of “he
Bubble Chamber Coill 1s modeled tor the finite element nnl 5,

Appropriate boi..dary conditions are specifiec ot the ¢

of the model in order to prescrve the symmets .o hehavio

SCCrIon:



One layer of ANSYS STIV 45 elcwents are utilized in
of coili cross-section. STIF "I element 1s an cight
with added extra displacement :shapes in order to impr
bendinge effectiveness. ANSYS STIT 63 plate clements

modeling gusset plates and the plate scctions at the

gussets, ANSYS STIF @ pipe eiement is utilized for v

supports shown in details B and C of ¥Fe milab drawiz

The foltlowing simplifications are made in the model:

"t Modei

sled Lok

Ve Th

1. Scraw and helium holes are not modeled. Since to.ov dow ¢

aftect "overall'™ stress distribution.
. Sunoort shown in the Fermilab drawing detail B i

assumed to be located at zerc

Gusz:t locgtions are assumo

=

thirty ano

velative to the model refesence 1iae,

o~

Vigensions used in the wodel are obrained frot the oowaid

bv TFermi

tab (Document ', Appendix A}, Flemestv confi

a ¢oil cross-scution and on a gusset 1+ shown in Fig

5
>

W

tailed drawing of plate elements represcenting vusset

numbers are given in Fig. 2. A three dimensicunal plat

showine finite elements is attachea to this report.
elements are uscd at cach wall of the coil (Fig. 1)
dgetermiiae bendir s and hoop stresses 1o an "overall' o
checking the accuracy of these cleaences, a cantilevae:
to a concentrated load at its cip is wnwdeled oy thre:
The results obtained for this model are found to be a

arc présented in Appendix B.
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ANALYE LS ~c SUMPTIANS

In addition to the modeling simplifications presentces n the
previcu . secticn, the following assumptions arce madce in the
analysis:
1. Marerial is homogeneous and isotropic.
Z. Marerial ig linear elastic having modulus elast:city,
E = 20000 ksi, and Poisson’s ratic V= (.3.
3. Deiiections are small thus small leflection theo. - 1s
applicable.
4, Local and overall buckline is not considered,

5. Residual siresses as well s stress concentratic s ave not

considered.

LOAD <ASES

vite element analysis for the coil is perlorsmcd huee toad

c.ses. Loads considered in thesc cases arc those g1 0 1. D

ot
~t

2 and 4g of Mr., Craddock®s tetter of Mavrch 10, 1930,

Load Case

Ar axisymmetric radially outw.rd force of 99w 1lbs. on each

iocation on the outer cylinde. is considered in Load - ase

AR

FThus, three 9900 1bs. concentrazted rvuvial noda. foru.s are

& 1

anplied at six degree interval!~. At ~hoe end “ectior Tzero ard

nincty degree scctions; 4950 1bs, concentratad nodal {orces are

taken to preserve the symmetry



Joad Calo 2

An axisvmmetric vadially outw-»1 force of 7100 1hs. < cac boit
locaticn on the inner c¢ylinde. is considered in Load Tasc

Thus thrce 7100 1lbs. concentreted rawial nodal forcos are rplie.
at six .degree intervals. At e end scctions (zero ol nincty
degree .ections), 3550 1lbs. co.centrated radial noda: “orces ar
taken to prescrve the symmetr . It should bo noted —iat thco

leads considered in load case. 1 and ? are ac.ing alnng the same

radial lines.

- hl bl i “ b * ;4 i £ '!‘ '%%M 4’§§
Load Ca.e 5 ““ime euw kmﬁﬁéié;&ém%&% immW oo D ettt

Adisymuetric pressure acting on the wop and t~ttom :onuiur oo

g

AR N h
stoyou L an ¢

jai

is considered 1n this load ca~c. Prescure

f—

oomiltah (Document 1T, Appendix A} is utilized. Fir. sei o
1 opnressure 1o oapplicd to the top annular plate. - cond IRTIEN «

15 considered for the hottom annular plate. (Constan  ores e

approximated from the pressurce ‘tiepraa @i determinot or o onch

<y

f.ordite element surface subjected to pressure coading s,

variation of pressure values ..o concsaered b sPCCE. CHap Gl

constant pressure for cach c¢lenent.



SUMMARY OF COMTIITEN STRESSES

An over ciew of stress o

hed o
N

istrib.otions ave nresented in

section, Tor a specific stress valuce computer outpui aus

o
B

referred.  For load casces 1 and 2, the stresses Toma .l abdniox-
imately the samc at all radi.i sections of the coil Con-

secquently stresses at a typlca. cross-scction throug . o hieliunm
hole loucation between two gussets ave nresented. Fiy res 3
througn ¢ show the hoop and beading stresses at the v iter suriac
o+ the wivpical crosas =section .ogether with the Tindte lemont

numbers tor load cases 1 throush 3. For Load Casce 3 <tress

distribuetion at radial sectior througn gusscis 1s diderery wnur
ti. se 7 the other scctions du- to the react oas at o gusr ot

wocas.  vigs. 9 and 10 illustiate the stress oistrib. GaR

I £
SO

or load case .

or loae case 3, the maximum noincipal

[,

)

oy

132 (sce Fig. 2) in the gusset as = 26000 nsi. Tho oth pri
crpal stress is o« o= -3780 psi. 1t should be noted (aat tre

S ressces at pussets are wmuch lower in load cascs 1 oana 2. Yaxa-

nur Von Jlises siresses are presented in Table T

stress 16 [our. at o .ooont



Table I. Maximum Vern Mises Stresses

Load Max.Von Mises Stress

{
i
Case No. psi i Location 1in tle Moo, 1

1 16,700 ' Element #62
At the junction of or Cer
| cylinder and detail @ at

9.6 degree section

|
2 2%,500 i Element #47
' At inner cylinder be ween
6 and 9.6 degree scoilons

T S

3 28,000 Element #193 on gussst

%
23,500 | Tlement #461

' At bottom annular pl.
between 72 and 73 d. ice
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Figure 3. Outer Surface Ho. . Stresses, g
at a Typical Coil Section for Load lase .
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Figure 8. Outer Surface Bending Stresses, Sy (:91i),
at a Typical Coill Section for Load Cuice 3



3 7 %

65790 ‘l = g

N , !

= A
@ T 0375

ihi
e

-
&,
s
yd
" .
® I
id
a7
[ y Z /;4 /
& B

By
!
.S L—""\ FLs
Figure 9. Outer Surface Hoop Stresses, S, (psi),
Typical Coil Section through Gussc: for
Load Case 3
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Figure 10. Outer Surface Ben .ng Stresses, Sy (psi.
a Typical Coil Section through Gusse
Load Case 3
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SUMMARY AND TONCLUSIONS

quarit.co-symmetric finite elc.ent model for 30 in Bu sHie

pe

Chamber Coil 1s developed., Finite element ar. lvsis . pe:

formed on the model for three toad cases. The object-ve ¢ oo
analysis 1s to determine "overall™ stress distributicw for  ach

load case, Scrow and helium holes are not included - the =qedei.

Accurare local stress distribuiions at the corners ¢ the oot

ccticon as well as around the noles, cun bhe obtainec v using

8

refined nodels for these arca: Consvquentis, t

presentad in this report approximate “he overall sty-os di i

CLLOn.
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